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Abstract. Sharka, caused by Plum Pox Virus, is an important disease that greatly affects 
several stone fruits species. In vitro culture was started from PPV positively confirmed Romanian 
plum cultivars Delia and Tita, using meristems from apical and axillary buds. Six multiplication 
subcultures of the apical shoots were undertaken. Tita proved to be more responsive to proliferation 
with a maximum of 22 shoots per initial explant, when using MS media supplemented with BAP 0.5 
mg/l. The plantlets were subjected to molecular analyzes using RT-PCR after the third and sixth 
subculture in order to establish the infection rate. No more than 31% virus free plantlets were obtained 
in average for the two cultivars using micropropagation alone. As an alternative, in vitro thermo-, 
chemo- and thermo-chemotherapy techniques were tested. For the chemotherapy treatment, a 
maximum survival rate of 75 and 45.8% was obtained when using concentrations of 50 and 100 mg/l 
ribavirin. Ribavirin inhibited the growth of the plantlets even in the second subculture, when absent. 
Further molecular analyses of the chemotherapy-derived plantlets will be carried out. For 
thermotherapy the conditions were set to 36°C, 80% humidity and 16 hours photoperiod. 
Thermotherapy and thermo-chemotherapy resulted in total necroses of the plantlets after the fourth 
week, regardless the cultivar or basal media used. PPV elimination was momentary successfully 
achieved for several in vitro plantlets only when using simple micropropagation techniques. 
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INTRODUCTION 
 
Plum Pox Virus (PPV) causes the disease known as Sharka, which greatly affects 
several stone fruit species such as plums, apricots and peaches, and generates high financial 
losses (Nemeth, 2008). The virus is easily transferred to virus free material by vectors such as 
aphids (Elibuyuk, 2006). In Romania, PPV is considered as the most dangerous quarantine 
viral pathogen with high occurrence and severe damages within plum orchards (Zagrai et al., 
2009, 2010). The only viable solution of eliminating the problem is to destroy and replace the 
infected trees with virus free planting material (Verhoeven et al., 1998). Two economical 
important Romanian plum cultivars, Tita and Delia, were tested for virus elimination. Both 
cultivars have a great potential of being introduced on large-scale production due to excellent 
fruit quality, however virus free planting material is almost nonexistent within nurseries. 
While the majority of the existing planting material is already infected, elimination of 
the most important viruses was required. Conventional in vivo thermotherapy has some 
drawbacks such as low performance and higher costs (e.g. require large space and high 
amount of energy). For this reason, new techniques such as micropropagation starting from 
meristems combined with several subcultures of apical shoots and in vitro thermo-, chemo- 
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and thermo-chemotherapy were tested. Ribavirin was tested with success as a chemical agent 
within in vitro chemotherapy for elimination of PPV for both plum and apricot species 
(Hauptmanová and Polák, 2011). In vitro thermotherapy was also tested with high success 
rate in several other fruit species, such as apricots and apples (Koubouris et al., 2007; 
Paprstein et al. 2008). Regardless the species and type of virus intended to eliminate, 
thermotherapy and thermo-chemotherapy can generate good results but also a high degree of 
plant mortality (Cieślińska, 2007). RT-PCR proved to be a fast and highly secure method of 
testing the presence of PPV (Hauptmanová and Polák, 2011), reason why his technique was 
employed also in this study. The major purpose of this experiment, beside production of PPV 
free planting material of the two plum cultivars, was to test all the in vitro virus elimination 
techniques in order to extrapolate the best method to entire species.   
 
MATERIALS AND METHODS 
 
Plant material. Two important plum cultivars were subjected to this study. Delia (BN 
6 / 283), a cultivar obtained at Fruit Research and Development Station Bistrita, is a cross 
between Vanat de Italia and Anna Spath. It is partial self fertile, it ripens in early September, 
has an average fruit weight (28-33 g) and productivity (21 t/ha), ovoid fruit shape, blue 
colored and covered with wax bloom but fruit sensitive to PPV (Braniste et al., 2007; Butac et 
al., 2010).  Cv. Tita was obtained through irradiation (2014 R) of cv. Tuleu gras stones at 
ICDP Pitesti-Maracineni. The cultivar is male sterile, it ripens in late July, has large fruits 
(45-55 g), average but constant productivity (18 t/ha), ovoid fruit shape, dark blue colored 
skin, tolerant to PPV (Braniste et al., 2007; Butac et al., 2010). 
Young shoots with obvious signs of sharka were collected in July from trees 
previously tested and confirmed as PPV positive.  
In vitro culture establishment, multiplication, rooting and acclimatization. For the in 
vitro culture establishment were used both axillary and apical buds. Freshly collected young 
shoots of 10-30 cm were cut in small cuttings of 1-2 nodes. The basal part of the shoots was 
removed and only the superior 2/3 was used. The cuttings were kept for one our in a 2% 
commercial detergent solution containing also 1500 ppm citric acid and 1500 ppm ascorbic 
acid. The cuttings were then washed in running tap water for another one our. Sterilization 
was performed in a 2% NaClO solution with several drops of Tween added, for 20 minutes, 
followed by three rinses in sterile water for 15 minutes each, in the laminar hood. Meristems 
of 1±0.5 mm in length were taken under the stereoscope and cultured individually within 
glass test tubes. Establishment culture media consisted in MSB02 (Tab. 1). Growth chamber 
conditions were set to 24 ºC and a photoperiod of 16 hours at a light intensity of 2000 lx 
provided by cool white fluorescent tubes. After eight weeks the results regarding 
establishment, necroses and infection rates were collected.  
The plantlets were further cultivated on two different multiplication media, MSB05 
and DKZ2 (Tab. 1), with an eight weeks’ period for each cultivation. The media with higher 
proliferation rate was selected. After the first multiplication stage only the shoot tips of 
approximately 1 cm in length were cultured. A vessel (Magenta GA7) containing 7 
proliferated plantlets was randomly selected for each cultivar x culture media variant and 
proliferation and multiplication rate calculated. After the third subculture a number of 40 
plantlets were tested for PPV using RT-PCR. Virus free plantlets were further transferred to 
MSR rooting media (Tab.1) for six weeks, while positive confirmed plantlets were 
subcultured three more times in the same media or transferred to chemo-, thermo- and chemo-
thermotherapy. After the 6th subculture a number of plantlets were transferred to rooting 
media and the rooted ones to acclimatization. Acclimatization of the plantlets was performed 
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in peat (Klassman TS3 with Clay) directly in P9 pots, under glass covers, during one month. 
The acclimatized plants were further PPV tested and those found negative sent to nursery. 
 
Tab. 1 
Composition of the culture media 
 
Culture Media 
Codification  
Micropropagation 
stage 
Composition of the media (all media contained 0.7% plant agar, 3% 
sucrose and pH adjusted to 5.6). Chemicals provided by Duchefa, 
The Netherlands. 
MSB02 Establishment MS salts and vitamins, 0.2 mg/l BAP (6-Benzylaminopurine) 
MSB05 Multiplication MS salts and vitamins, 0.5 mg/l BAP 
DKZ2 Multiplication, thermotherapy DKW salts and vitamins, 2 mg/l Zeatin 
MSR Rooting, thermotherapy MS salts and vitamins, 1 mg/l IBA (Indole-3-butyric acid) 
MSC1 Chemotherapy MS salts and vitamins, 1 mg/l IBA, 50 mg/l ribavirin 
MSC2 Chemotherapy MS salts and vitamins, 1 mg/l IBA, 100 mg/l ribavirin 
 
Chemotherapy. Two concentrations of ribavirin, 50 and 100 mg/l (MSC1 and MSC2, 
Tab. 1), and 24 replicates for each cultivar were tested. Only vigorous shoots of at least 2 cm 
confirmed as PPV positive were used, one per every test tube. The treatment was performed 
during a period of four weeks. The apical part of the shoots (0.5-1 cm in length) was removed 
and further cultivated on the multiplication media. 
Thermo- and chemo-thermotherapy. Conditions in the phytotron were set to 16/8 
hours of illumination and 80% humidity. Temperature was gradually increased during a one 
week period up to 36°C and maintain at this value for four weeks. For each cultivar were 
tested 24 replicates consisted in vigorous shoots of at least 2 cm, one per every test tube, 
cultured on MSR, DKZ2, MSC1 and MSC2 media (only thermotherapy was tested for cv. 
Tita). The survival rate was evaluated after 2 and 4 weeks, when the procedure was 
considered finalized.  
Testing of in vitro and acclimatized plants by RT–PCR. The presence of PPV was 
tested by RT-PCR for in vitro and acclimatized plants for both cultivars. The total RNA was 
isolated from leaf tissues samples, using an RNeasy Plant Mini Kit (Qiagen GmbH, Hilden, 
Germany) according to manufacture’s instructions. Primers P1 and P2 (Wetzel et al., 1991) 
were used for the RT-PCR detection of PPV. Qiagen OneStep RT-PCR Kit was used for RT-
PCR amplification. The PCR products were analyzed in 1.4% agarose gel electrophoresis and 
staining was done with ethidium bromide. A 100 bp DNA step ladder (Promega) was used. 
Virus-free in vitro clones were then cultivated on rooting media (MS with 1 mg/l IBA), while 
already acclimatized plants were further grown in vector free nursery. 
 
RESULTS AND DISCUSSION 
 
In vitro culture establishment, multiplication, rooting and acclimatization.  
As it can be seen in Table 2, within establishment stage it was obtained a percentage 
of under 12% infections; however, no more than 46% viable plantlets resulted due to necroses 
caused by small explants. The majority of meristems regenerated small plantlets in a very 
short period of time, with visible positive results starting from the third week after inoculation. 
Maximum proliferation rate of 22 shoots longer than 1 cm per initial explant was 
achieved when using MSB05 media for cv. Tita. No significant differences were recorded 
between media variants for cv. Tita, while a significant one can be notices for cv. Delia (Tab. 
2). MSB05 media was further used in our experiments. Maximum multiplication rate was 
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achieved for cv. Tita when using DKZ2, with 31 micro-cuttings of around 1 cm in length. 
There were no differences between variants regarding multiplication rate, reason why both 
media culture can be used with similar results when PPV free material is under multiplication. 
Zeatin produced a higher vigor of the plantlets, with leaves of higher surface, which promoted 
superior rooting and acclimatization rates. Up to 100% of the vigorous shoots longer than 2 
cm were successfully rooted with consistent rooting system (Fig. 1). As rooted plants tested 
for acclimatization had very different vigor only around 40% of the plants survived (Tab. 2); 
however, up to 100% of the most vigorous shoots were successfully acclimatized. No 
necroses occurred after one month, when acclimatization was considered completed. One 
month after acclimatization all potted plants showed growth (Fig. 1).  
 
Tab. 2 
Results regarding micropropagation of cultivars Tita and Delia 
 
Cv. Culture media 
variant, n 
Infection 
rate (%) 
Establishment 
rate (%) 
Proliferation 
rate1 
Multiplication  
rate2 
Acclimatization 
rate (%) 
Tita MSB02(n=100) 5 46    
Delia MSB02(n=170) 11,8 20,6    
Delia DKZ2   4.14±2,1 a 9.71±5.5a  
Tita DKZ2   8.57±5.4 ab 13.7±10.8a  
Delia MSB05   9.71±4.6  b 11.7±5.9a  
Tita MSB05   11.43±5.4b 13.1±6.7a  
Delia Peat (n=13)     38.5 
Tita Peat (n=19)     42.1 
Values followed by the same letter are not significantly different (Duncan test, p<0.05).  
Correlation (r=0.84) calculated between proliferation and multiplication rate, all samples considered 
1shoots per initial explant; 2~1 cm cuttings per initial explant; 3Plum Pox Virus free material 
 
 
 
 
 
Fig. 1. Left – vigorous rooted plants, prepared for acclimatization; right – acclimatized plants tested for PPV 
 
 
Chemotherapy. Cultivars Tita and Delia proved to be sensitive to high concentrations 
of ribavirin. A percentage of 41.7% for cv. Delia and 75% for cv. Tita surviving shoots ready 
for transfer were obtained when using a concentration of 50 mg/l ribavirin and only 37.5% 
and 45.8% shoots for 100 mg/l. Ribavirin totally inhibited the growth of the shoots and roots 
and the effect persisted for the most part in the next subculture were ribavirin free 
multiplication media was used. Three months after the chemical treatment the axillary shoots 
started to grow slowly. All the treated samples were included in a multiplication process 
conducted on individual lines and PPV analyses are intended when enough material will be 
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obtained. Strong evidence already published for species such as plums and apricots (e.g. 
Hauptmanová and Polák, 2010) suggest chemotherapy as a reliable method of eliminating 
PPV. Virus free material was obtained even at low ribavirin quantities (5-10 mg/l) after a 12 
weeks treatment (e.g. Hauptmanová and Polák, 2010); however, no growth delay in the 
following subcultures induced by chemical treatment was reported. Similar survival rates as 
in our study were reported by Cieślińska (2007) for several stone fruits cultivars when the 
same ribavirin concentrations were used (33.3-88% for 50 mg/l and 26.7-70% for 100 mg/l). 
Even if PPV elimination was not tested, for more than 50% of the samples treated with doses 
higher than 25 mg/l ribavirin, viruses such as ACLSV (Apple chlorotic leaf spot virus) and 
PNRSV (Prunus necrotic ring spot virus) were eliminated (Cieślińska, 2007). Since the 
reliability of in vitro chemotherapy method when using ribavirin is confirmed by the literature 
and surviving plantlets were already obtained, positive results for the present experiment are 
expected. 
Thermo- and chemo-thermotherapy. Regardless of the cultivar, ribavirin 
concentration and vigor of the plantlets, after two weeks chemo-thermotherapy resulted in 
100% necroses rate. No growth was recorded for any of the variants tested. When 
thermotherapy alone was tested, along with DKZ2 and MSR, even if growth was evident, a 
high degree of hyperhidricity occurred in the first two weeks, followed by a fast degradation 
of the viability of the plantlets in the third week and total necroses in the fourth one. As total 
mortality occurred one week faster on DKZ2 medium (zero necroses on control samples kept 
at 24 ºC in the growth chamber) compared to MSR medium, the culture media seems to have 
a great influence on survival rate. For the next trials, a larger panel of culture media has to be 
attempted while against hyperhidricity different type of vessels and gelling agents should be 
tested.  
For other species, such as manioc (e.g. Wasswa et al., 2010), a temperature treatment 
of 36/40º (darkness/light) for the same period of time as in the present study, resulted in a 
survival rate of the plantlets of up to 50%, suggesting that plum is a more sensitive to 
temperature species. However, other studies (e.g. Cieślińska, 2007) conducted on very similar 
conditions, mention a survival rate of more than 66% for several plum cultivars when only 
heat stress tested, while a 6.7-60% survival rate when also 100 mg/l ribavirin was used. For 
the majority of tested viruses, thermotherapy gave superior results to chemotherapy while the 
combination of thermo- and chemotherapy generated the highest virus elimination rate 
(Cieślińska, 2007). As in our case the combination of high doses of ribavirin combine with 
heat treatment generated total mortality, lower doses should be tested for the two cultivars or 
thermotherapy alone. 
Testing of in vitro and acclimatized plants by RT–PCR. Because of the high 
proliferation rate only a limited number of plantlets with substantial number of axillary shoots 
were tested. After the third subculture the in vitro tested plantlets of Delia generated a 
percentage of 12.9% PPV free material (n=31) and 33.3% (n=9) for cv. Tita (17.5% in 
average for all the samples). Majority of positive confirmed plants were transferred to chemo- 
and thermo-therapy, the rest being three more times subcultivated to confirm the elimination 
of PPV after several subcultures of apical shoots. In order to obtain virus free acclimatized 
plants, the second RT-PCR was performed only after the acclimatization. It was obtained 40% 
PPV free material for cv. Delia (n=5) and 25% for cv. Tita (n=8), with a total of almost 31% 
(Fig 2). 
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Fig. 2. RT-PCR (primers P1 and P2, 100 bp ladder) of samples collected from acclimatized plants  
obtained in vitro starting from meristems of cultivars Tita and Delia.  
Positions 2, 4, 8 and 12 PPV negative confirmed samples; position 14–positive control. 
 
CONCLUSIONS 
 
Both cultivars Tita and Delia can be easily micropropagated starting from meristems. 
They can produce a high number of axillary shoots when cultured on MS media combined 
with 0.5 mg/l BAP. Zeatin promotes higher vigor of the shoots, which results in superior 
rooting and acclimatization rates. It was possible to obtain PPV free material by using only 
micropropagation techniques in up to 17.5% samples after the third and 31% after the sixth 
subculture of the microshoot tips. Ribavirin greatly affected the viability of the plantlets 
treated for four weeks with doses of 50 and 100 mg/l. Growth inhibition effect caused by 
ribavirin manifested even in the following subculture, when absent. Success rate of 
chemotherapy would be tested as soon as enough material will be obtained. Thermotherapy 
treatment generated total necroses of the plantlets after four weeks while the combination of 
thermo- and chemotherapy promoted necroses after only a two weeks period. RT-PCR proved 
to be a simple and reliable method of identification of PPV.  
PPV elimination was momentary successfully achieved for several in vitro plantlets 
only when using simple micropropagation techniques. 
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